Objective: We sought an electrical modeling approach to evaluate the potential application of finite element method (FEM) modeling to predict current pathways and intensities in the brain after transcranial electrical stimulation. Methods: A single coronal MRI section through the head, including motor cortex, was modeled using FEM. White matter compartments with both anatomically realistic anisotropies in resistivity and with a homogeneous resistivity were modeled. Current densities in the brain were predicted for electrode sites on the scalp and after theoretical application of a conductive head restraint device. Results: Localized current densities were predicted for the model with white matter anisotropies. Differences in predicted peak current densities were related to location of stimulation sites relative to deep sulci in the brain and scalp shunting that was predicted to increase with inter-electrode proximity. A conductive head restraint device was predicted to shunt current away from the brain when a constant current source was used. Conclusions: The complex geometry of different tissue compartments in the head and their contrasting resistivities may jointly determine the strength and location of current densities in the brain after transcranial stimulation. This might be predictable with FEM incorporating white matter anisotropies. Conductive head restraint devices during surgery may be contraindicated with constant current stimulation. Significance: Individually optimized tcMEP monitoring and localized transcranial activation in the brain might be possible through FEM modeling. q
Introduction
Transcranial electrical stimulation to elicit motor evoked potentials (tcMEPs) has become the primary means of selectively assessing the integrity of the motor pathways during spinal cord surgery. Typically, these potentials are elicited by placing subdermal electrodes in the scalp at locations intended to excite motor pathways. A short train of electrical pulses is then used to elicit potentials that are recorded from muscles of the upper or lower limbs.
The pulses used for this procedure are of short duration (50-500 ms) but high voltage (100-1200 V) (Bose et al., 2004; Calancie et al., 2001; Haghighi and Zhang, 2004; MacDonald et al., 2003; Pelosi et al., 2002; Zentner, 1989) . The use of tcMEPs has become the standard of care in many types of spinal and brain surgery.
Despite its value in mitigating motor deficits, tcMEP monitoring encounters two significant challenges. First, systemic variables (e.g. anesthetic agents, blood pressure, etc.) affecting this signal must be distinguished from those directly associated with the surgical procedure with the potential for injury and damage. Several techniques for identifying and managing these systemic changes have been described (e.g. Calancie et al., 1998; Chen, 2004; MacDonald et al., 2003; Pechstein et al., 1998; Pelosi Clinical Neurophysiology 117 (2006) 
